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President-H. J. SEDDON, M.A., D.M., F.R.C.S. [May 3, 1949] SYMPOSIUM ON RECONSTRUCTIVE SURGERY OF THE PARALYSED UPPER LIMB Professor Robert Merle d'Aubigne: Treatment of Residual Paralysis After Injuries of the Main Nerves (Superior Extremity). Although we in France have had some experience in this field, and at my centre at the Hopital Foch, we have performed about a hundred operations on 82 patients, this subject is, today, a peculiarly British one, and my knowledge of it has been largely acquired here from my friends Seddon, Zachary and Watson-Jones, and from the writings of Robert Jones, Stiles and Forrester-Brown, Sterling Bunnell, Zachary and Hendry.
Of our 82 patients treated for residual paralysis more than half (51) were cases of radial palsy: of the remainder 9 were injuries of the brachial plexus, 5 of the ulnar nerve, 8 of the median, 8 of the ulnar and median and 1 of the musculocutaneous nerve. This, perhaps unexpected, proportion is due to the very good results obtained by tendon transplantation in radial palsy. These results have led us to perform this operation rather early in all cases where recovery by nerve suture seemed unlikely, namely in all defects of the musculospiral nerve in the arm where a graft would have been necessary, and in the high lesions with much scarring. On the contrary, we have attempted suture or grafting in all ulnar and median lesions, where sensibility is of paramount importance, and have been prepared to wait a long time for possible recovery. And our experience of nerve injuries dates only from 1945.
In choosing between the two principal methods of restoring the function of a paralysed arm, namely arthrodesis and muscle transplantation, some general rules must always be borne in mind.
(1) A transplanted muscle invariably loses a great part of its power. This loss may be total or nearly so if, in its new position, the muscle has to work over an angle of soft or, still more, bony parts, or if adhesions develop owing to the muscle or tendon traversing scar tissue. For this reason:
(a) A transplantation has no chance of working if the joints to be moved are stiff. (b) A muscle to be transplanted must be completely sound. Particularly in brachial plexus paralysis, muscles formerly paralysed cannot be used with a reasonable chance of success unless they have made a perfect recovery.
(c) A transferred muscle is, as a rule, unable to lift the weight of the whole upper extremity.
(d) At the elbow, transplantations may restore movements of the forearm but are unlikely to furnish the strength necessary to push against a considerable resistance or to lift an appreciable weight.
(e) In the hand the transplantation of flexors into extensors gives much better results than the reverse procedure, for extension of hand and fingers never requires strength whereas flexion of fingers needs either strength or precision, or both, if the patient is to use the movement for something other than to provide elegant photographs to put in medical publications. In our experience precision and strength are very inconstant after tendon transfers into paralysed flexors.
OCT. -ORTHOP. 1 (2) Arthrodesis is an irreversible procedure, and, before it is performed, the patient must be warned that, while some movements will be improved, some will be eliminated. At the elbow, where no other joint can supply the movement, we think it is practically never advisable. On the other hand, we have been very happy with the results of arthrodesis of shoulder, and wrist; and we agree with Hendry about arthrodesis of the fingers when one has to be satisfied anyway with a limited function of the hand.
But in no subject are general rules more difficult to establish than in the treatment of residual paralysis of the upper extremity. Every new case is a new problem in itself which must be carefully examined in the light of the state of muscles and nerves and also of the patient's occupation. We will now consider some of the problems which arise in the different regions.
Shoulder.-Of the transplantation of the trapezius into the humerus, advised by Lange and Leo Mayer, we have no experience. The conclusions of the American commission in 1942, after study of the end-results in 148 cases, were rather pessimistic. We have, therefore, never attempted this rather complex operation believing, as we have already said, that the chances that a transplanted muscle even as strong as the trapezius could lift the weight of the whole upper extremity over the angle of the acromion were rather problematic.
When the paralysis affects the deltoid with or without the scapulo-humeral muscles and when the muscles moving the scapula are intact, the results of arthrodesis are good. The arm must be abducted at an angle of 40 degrees, with 20 degrees of flexion and 30 degrees of internal rotation. To avoid unduly long immobilization in a big thoraco-brachial plaster, we use a Smith-Petersen or Kuintscher nail to fix the head of the humerus to the scapula after freshening the surfaces and introducing cancellous bone grafts. But we agree with Hendry that when many operations are necessary, this should be the last major procedure to be performed. Birth paralysis of the external rotators of the arm, which we call "obstetrical paralysis", is not a simple paralysis: it is very often associated with deformity of the shoulder and is a muscular "asynergy" rather than an ordinary paralysis. Yet the essential trouble is the impossibility of rotating the arm externally. Since 1945 I have used transplantation of the tendons of teres major and latissimus dorsi from the volar to the dorsal aspect of the humerus. This tendon transfer, associated with a section of the subscapularis tendon and of the articular capsule when necessary, invariably restores active external rotation of the arm. When the paralysis is localized to the external rotators and the articular deformity is mild or absent, the patient gains normal active motion of the shoulder after this operation.
L'Episcopo has devised a similar procedure: but he performs it through two incisions, frontal and dorsal, the latter permitting reinsertion of the tendons on the dorsal aspect of the humerus. This second incision can be avoided in the following way: Two stout silk sutures transfix both tendons; the tendons are then cut and the sutures carried around the humerus, first posteriorly then externally ( fig. ] ). The sutures are threaded through the tendon 833 of pectoralis major and tied with the arm in full external rotation. This procedure, though perhaps a little more intricate than l'Episcopo's, is simpler and quicker: in girls it can be performed through an axillary incision, leaving no visible scar, a matter of importance in an operation the object of which is almost as much cosmetic as functional ( fig. 2 ). Elbow.-To restore active extension of the elbow, transplantation of the posterior part of the deltoid into the triceps is a very good method.
To restore flexion, Steindler's operation provides but little strength and has often proved ineffective when brachioradialis as well es biceps is paralysed. During the last two years, transplantation of the lower portion of pectoralis major, as devised by Clark, an operation which we learned from Professor Seddon, has been used in three cases: one is recent; the two others have recovered excellent active flexion, independent of adduction ( fig. 3 ). Wrist and hand.-The function of wrist and hand are so intimately connected that the problems concerning restoration of their movements must be studied at the same time.
Flexion of wrist or fixation by the wrist flexors gives more strength to the extensors of the fingers. Extension of the wrist or fixation by the wrist extensors gives more strength to the flexors of the fingers.
Moreover when the finger flexor or extensor tendons are fixed to the bones of the forearm above the wrist by a scar due to trauma or by tenodesis, extensors of the wrist may be able to flex the fingers, flexors of the wrists to extend the fingers.
These facts must always be borne in mind when planning tendon transfers at the wrist and before deciding on arthrodesis.
There is also a great difference between extension and flexion of the fingers. Extension may be reduced to an elastic action enabling the flexors to move each finger individually. Therefore, this action may be supplied easily by transplanting sound muscles in the extensor tendons: the only important condition is to suture the transplanted tendons with exactly the right tension: if they are too tight flexion will be limited, if too lax extension will be insufficient.
Radial paralysis.-For the reasons we have already mentioned, tendon transfer, if correctly executed, can restore a practically normal hand after an irreparable injury of the radial nerve.
Of our 51 cases, the last 40, after our visit to Oxford in 1945, have been operated on by the procedure advised by Zachary. We made but a slight modification: flexor carpi ulnaris is transferred into all extensors including extensor indicis proprius and extensor pollicis longus. Palnaris longus is transferred into extensor pollicis brevis and abductor pollicis longus; if palmaris longus is absent, flexor sublimis to the ring finger is used. Separate transplantations into abductor pollicis longus and extensor pollicis longus permit as good extension of the thumb in the plane of the hand as in the plane perpendicular to it.
The results are always good when the tendons are given the right tension. Arthrodesis of the wrist is never necessary when the radial nerve alone is paralysed. Paralysis offlexors and intrinsic muscles of the hand.-In irreparable paralysis of the median nerve, the ulnar or both, the situation is much more serious and, in most cases, function can only be partially restored. Three types of procedure are possible: (a) Arthrodesis of the wrist or fingers allows improved action of the intact or transplanted muscles at the joints left free. Arthrodesis of the wrist permits six muscles (three flexors and three extensors) to be used for transplantation. Since the wrist is ankylosed in slight dorsiflexion, it improves the function of partially recovered flexors of the fingers by making them more tense.
Arthrodesis of the fingers either at the metacarpophalangeal or proximal interphalangeal joint may restore efficiency to flexors of fingers formerly inactive and is a possible weapon against the claw-hand in that a substitute for the paralysed lumbricales is supplied.
(b) Tendon transfers of flexors between themselves is fairly satisfactory but possible only when flexor sublimis is intact. If it is not, transplantation of brachioradialis or the wrist extensors into the finger flexors can be attempted, but the result is less certain.
In our experience Sterling Bunnell's transfer of flexor sublimis into the interosseous tendons is effective only in favourable cases: there must be complete integrity of flexor sublimis, complete freedom of the joints, and very accurate technique.
(c) Another way of transferring the strength of wrist-extensors to finger flexors is tenodesis of the flexor tendons above the wrist. In this procedure, conservation of a free wrist-joint is, of course, essential.
In these paralysed hands the choice of the right procedure is a really difficult problem: there are often two or three possibilities and one cannot always say which will give the patient the most complete recovery. I will describe the scheme which now guides us in these decisions, though our experience is too limited to permit us to lay down rules.
The first distinction must be made between high lesions of the median or ulnar where the long flexors are paralysed, or, if recovered, are not strong enough for transplantationand the lesions in the forearm where the long flexors are intact.
Low lesions.-Ulnar nerve: A patient with an irreparable lesion of the ulnar nerve at the wrist frequently needs no surgical treatment at all. If a manual worker is troubled by 834 Section of Orthopwedics anxsthesia of the little finger and retraction of the ring finger, he will be much improved by amputation of the fifth and transplantation into or arthrodesis of the ring finger.
Low median nerve lesions are more serious: very often the delicate function of opposition of the thumb is lost; our best results so far have been obtained by the modified Royle procedure using flexor sublimis from the ring finger, reflected around the tendon of flexor carpi ulnaris and fixed into both the base of the first phalanx and the metacarpal bone of the thumb.
The question of amputation of an anasthetic index may arise.
Associated low lesions of the median and ulnar nerves would be the best indication for transposition of flexor sublimis into the interosseous tendons. But in many of our cases concomitant lesions of the flexor muscles or tendons existed and the problems were similar to those presented by high injuries.
High lesions.-Irreparable lesions of the median in the arm are very serious. But the integrity of interosseous muscles gives reasonable chances of success to tendon transplantations. The best plan seems to be: transfer of brachioradialis into flexor profundus, extensor carpi radialis into flexor pollicis longus and the use of flexor carpi ulnaris to restore opposition. But instability of the wrist may demand arthrodesis as a second stage.
High lesions of the ulnar nerve are followed in almost all cases by serious trouble in the intrinsic muscles of the hand: but Bunnell's operation is only possible when flexor profundus of the ring and little fingers is working. If it is not, we prefer to deal with the claw-hand by interphalangeal arthrodesis of the ring and little fingers.
After high irreparable lesions of both median and ulnar nerves, the patients with their anesthetic claw-hand showing practically no motion appear rather desperate cases. Still, something can be done but one has to limit one's ambition to restoring the gross function of pinching and grasping.
Among the various possibilities we consider the following as the safest:
Interphalangeal arthrodesis for the claw-hand, transplantation of brachioradialis into flexor profundus, of extensor carpi radialis into flexor pollicis longus, and the thumb is fixed in opposition by an intermetacarpal bone-block. But the position of fingers and thumb must be very carefully adjusted when performing the arthrodesis: otherwise the tips of the fingers will not be able to meet the thumb owing to the small range of motion gained by tendon transplantation.
Among the operations I have so briefly mentioned a sharp distinction must be made. Some of them are simple and quite safe operations which with experience can be counted on to give good results: arthrodesis of the shoulder, bone-block of the elbow, tendon transplantation for radial paralysis and, 1 think, very soon, Clark's operation for biceps paralysis.
On the other hand operations for paralysis of the flexors and intrinsic muscles of the hand need a very great experience and skill in both their choice and performance and should be done only in specialized hand centres.
A. M. Hendry, F.R.C.S.Ed.: The Flail Limb.
From a considerable experience over many years of trying measures to lessen the residual disabilities which unfortunately often persist after every means has been adopted to restore normality of function in cases of brachial plexus and other peripheral nerve lesions, or after severe soft tissue damage in the upper limb, the following opinions emerge.
(1) The variation of the paralyses in location and degree, aggravated by deformity or contractures due to gravity, fibrosis or perhaps faulty splintage, makes classification practically impossible.
(2) In every case two groups of factors must be considered: (a) The actual physical conditions present in the limb as a whole. (b) The general attributes of the patient, e.g. sex, education, previous training or occupation, adaptability for and availability of alternative employment.
It follows that each case must be assessed on its merits since obviously two cases presenting practically similar physical disabilities may have to be dealt with differently in the light of the second group of considerations. The problems, therefore, become almost as numerous as the cases themselves. The time available may thus best be spent in considering what may and can be done for the limb flail in all its parts, since, although such a limb is extremely rare-there usually being some power acting on a part of it, or capable of being transferred to useful purpose-if the retention of such a flail limb can be justified as against amputation, the more so would be the case where improvements are possible in the light of such available power.
As they are practically irretrievable, arthrodesis and other joint limiting procedures ought not to be done until it is assured that they are either essential, or, in the particular case, preferable to the mobile joint.
In this paper the order of consideration of the parts is chosen for ease of explanation and is not necessarily that in which they should be dealt with in practice.
The elbow.-An arm which hangs extended at the elbow can be improved if the hand can be made to project in front of the body. This can be achieved by a posterior elbow boneblock. This operation has been described elsewhere. The check to extension can be placed at any angle deemed best for the particular case. In the completely flail limb a position about the right-angle is perhaps the most useful if the hand is to be used for carrying purposes, otherwise it may with advantage be lower. The posterior bone-block is preferable to arthrodesis because from the limit of extension the forearm can be passively flexed so as to place the hand on a table or desk and to get it out of harm's way in a crowd. This is particularly important if the shoulder is to be arthrodesed.
The shoulder.-A posterior elbow bone-block may not ensure a forward projecting forearm when the shoulder is flail, as the weight of the forearm will tend to make it rotate across the front of the body. In some cases it is conceivable that this may not be a disadvantage but if it is, arthrodesis of the shoulder is necessary to prevent it. The arthrodesis needs to be in just such a degree of abduction, and especially of external rotation, as will ensure that the forearm clears the chest wall, but it must be remembered that the position of external rotation has to be more than seems necessary when the forearm is in contact with the chest, because of the further forward rotation of the scapula which will take place.
The forearni and hand.-By the combination of a posterior elbow bone-block and shoulder arthrodesis a forward projecting forearm can be achieved. The possibilities for the hand may be outlined as follows:
Forearm in complete supination: The hand will hang in extension at the wrist. (a) If the position is fixed the fingers can be formed into a claw by a tenodesis of their flexors to the radius. The tension of such tenodesis depends on the mobility of the fingerjoints: the more mobile the finger-joints are the greater the tension can be as by passively extending the interphalangeal joints the metacarpophalangeal joints will flex to open the claw.
(b) If the wrist is mobile, the tenodesis is best carried out with the wrist about the midposition of the available excursion. This permits of the wrist and metacarpophalangeal joints being passively flexed to open the claw which will close upon and thus grip an object placed in it as the hand drops back into extension. Such a claw provides a broader carrying surface, capable of holding moderately sized articles, than a single hook.
(c) If the forearm is capable of being passively pronated and the wrist is mobile the extensors may be tenodesed as well, as then in pronation the tightening of the extensors as the hand drops into flexion at the wrist will open the claw. This, however, is really only of much use if pronation and supination are actively controlled.
(d) In some cases arthrodesis of the wrist in straight position may be preferable so that the palm may provide a flat surface upon which an object, e.g. writing tablet, may be rested. This can always be done even if a prior tenodesis of the flexors has been carried out. In any case a finger-joint which is or becomes contracted can be arthrodesed in better position.
Forearm in complete pronation: The hand will hang in flexion. By tenodesis of their flexors to the radius the fingers can be formed into a claw but the variable tensions cannot be obtained as is possible when the forearm is in supination. Apart from being able to carry a light object in the clawed fingers such a hand is of little use. It is, however, capable of alteration in a manner similar to those limbs which are in a position between pronation and supination.
Forearm in a position between supination and pronation: In these cases the hand tends to hang in ulnar deviation, is unsightly and very useless: the palm does not offer a supporting surface, nor can the fingers be usefully clawed. The position of the forearm in these cases, and in those which are in complete pronation, can be altered to complete supination by a cone rotational osteotomy of the radius in its upper third. The hand can then be dealt with as outlined for the supinated forearm. An arthrodesis of the wrist will be required to correct a fixed ulnar deformity, and the position of such arthrodesis will depend upon whether a finger claw or weight-carrying palm is preferred.
The cosmetic position: The position of the forearm and hand which gives the best appearance, which can always be achieved even after any of the preceding suggestions have been tried, and which perhaps is preferable in most women and in those of the higher educated classes and occupations where the carrying of articles is less important, is one where the 8-36 forearm is in practically mid-position. This -can always be obtained by a cone rotational osteotomy of the radius in its upper third. The wrist should be arthrodesed to prevent or correct ulnar deviation, and the thumb stabilized in forward abduction by an intermetacarpal bonestrut. By this means a flat plateau is provided by the first interosseous space on which an object held in the other hand may be balanced or supported. The ulnar border of such a hand is more serviceable to steady papers on a desk and less liable to trophic sore thereby than is the fifth finger of an ulnarly deviated hand.
Many of the patients may prefer to have the shoulder mobile despite the tendency for the forearm to fall across the front of the body at rest. For this reason, as well as for the ease of performing other operations in the limb, arthrodesis of the shoulder should be the last surgical procedure carried out.
What have been described are but basic procedures in the completely flail limb. Such are, however, very rare. They are the worst that can happen short of circulatory defects leading to death of a part. Improvements from the results indicated are usually possible even if there be but one muscle capable of voluntarily activating a part: for example, a muscle that may be transferred to enable the patient at will to grip an article with his thumb against the rigid fingers, or vice versa, or to flex the elbow or push the arm forward. When the advantages or disadvantages of such limbs in comparison to amputation with subsequent prosthesis are considered it has to be remembered that small degrees of power may enable a patient to move his own limb such as it is, but may not suffice to move part of it plus a prosthesis. The challenge, however, is to justify the retention of the flail limb.
The completely flail limb dealt with as has been outlined is considered preferable to amputation for the following reasons based on considerable personal experience.
(1) The psychological effect.
(2) Very few upper limb amputees wear their artificial limb at all, and the majority who do only wear the gloved hand at times, so that the argument of the advantages of the special fitments loses much of its weight.
(3) Many employers will give a patient work with such a limb who would not entertain the idea at all had he an artificial one. The claw of such a hand will, for example, bear a paint pot even more securely than a hook and such a hand will damage wall-paper less.
Four such patients are house decorators.
(4) Because of having to use the good hand chiefly it becomes the more liable to trauma and subsequently incapacity: it may become affected with poliomyelitis. What then? Should it become equally paralysed, is it to be amputated also? If not, then what is done for it might have been done for the other.
(5) Apart from that improbable occurrence if efforts to improve such limbs are not attempted what is to be done for a patient who presents two such limbs? (6) One can always amputate. If, however, a patient tends to decline such procedures or even after them requests amputation, it is suggested that the following tests be put.
Ask him to wear a glove at all tirnes no matter where he is, or to keep the affected limb entirely within the clothes and with the corresponding coat or dress sleeve pinned up. If the patient be a woman, ask her to keep to long-sleeved dresses, wearing a glove constantly, or to obtain a covering for her arm of any material as near to flesh colour as she imagines an artificial limb may be, and to keep it on despite the colour of her dresses. If the patient would still prefer the artificial limb, then one may amputate because only then can an orthopedic surgeon with justice claim to have done the best he could for his patient. There is no need to repeat the full description of the operation, though a few important technical points that have emerged with increasing experience are worth mentioning. Clark's operation is applicable in cases where the lower part of pectoralis major has been spared.
The lower third of the muscle is freed from the remainder and from its origin: a piece of the sheath of the rectus abdominis is elevated in continuity with the distal end of the transplant so as to serve as a tendon later in the operation. As Clark has shown so clearly the lower part of pectoralis major has a separate nerve supply (and blood-vessels), and when the dissection is being carried, proximally it is convenient to seek out the position of this nerve by bipolar eiectrical stimulation. The dissection of the pedicle of the transplant is carried as far proximally as possible and is the one part of the operation requiring technical finesse. The second incision in the lower third of the arm should be L-shaped, the horizontal limb lying across the line of the elbow-joint, the vertical running along the lateral margin of the biceps. In opening up a space beneath the deep fascia for the reception of the transplant it is important to ensure that the diameter of the tunnel is adequate proximally: otherwise there will be difficulty in drawing the very considerable mass of muscle down into the anterior compartment of the arm and a real danger of£jeopardizing its blood supply. When the transplant is lying comfortably in its new position the correct degree of tension for suture is determined before the upper wound is closed: the neurovascular bundle, easily palpable beneath the muscle mass, must not be taut. The incision on the chest wall can then be closed; axillary drainage is not required if there is no oozing. The correct position of the elbow is flexion to 30 degrees above a right angle, and full supination of the forearm. It is usually possible to thread the aponeurotic "tail" of the transplant (the piece of rectus sheath) through the tendon of the biceps, but sometimes the pectoralis major is short and one then has to be content with suturing it to the underlying belly of the biceps. The elbow and forearm are immobilized for three weeks by means of a posterior plaster slab, the arm being supported in a sling.
If the programme of treatment includes arthrodesis of the shoulder this operation is best carried out before the muscle transplant, in order to avoid a long and possibly harmful period of fixation of the elbow.
After-treatment.-After three weeks the plaster and the stitches are removed, the sling is retained for another three weeks, the transplanted muscle is stimulated daily with a faradic current and re-education of the muscle is started. At first, flexion of the elbow is accompanied by contraction of the undisturbed part of the pectoralis major, but after a very variable period six to twenty-four weeks-independent flexion of the elbow is achieved and with it sometimes a most gratifying range of active supination.
Summary of cases treated and of results.-The operation has been performed 16 times, in one case on both sides. Of the 15 patients, 2 had suffered gunshot injuries of the brachial plexus; one, a child, had had poliomyelitis; another, a child, had paralysis of the elbow flexors as a result of amyoplasia congenita, the pectorals being partly spared; the rest had suffered traction injuries of the plexus. In 4 cases where the transplant itself was subnormal in power pectoralis minor was used in addition. In 11 cases the flexors of the elbow were not completely paralysed, but much too weak to raise the elbow against gravity.
In 15 transplants the result was sufficiently good to justify the operation: in 7 the result was excellent, the elbow flexing powerfully against gravity and resistance: in the remainder the limb could be raised against gravity and slight resistance, that is to say, the patient had good control of the arm but not to the extent of being able to lift more than a light object.
In 7 cases supination against resistance was regained with ranges of active movement varying from 10 to 90 degrees.
(A film was shown to illustrate the operative technique and some of the results.) of the Wrist. Although the scope of reconstructive surgery of the paralysed upper limb is necessarily widened as a result of war, its application in more peaceful days to paralysis following poliomyelitis is considerable. Moreover, in civilian life peripheral nerve injuries of the upper limb are by no means rare and for the most part fall into three groups: traction injuries of the brachial plexus; nerve lesions complicating fractures; and nerve lesions occurring as a complication of lacerations and incised wounds of the forearm and hand.
Ideas about tendon transplantation have never been lacking, but with the exception of the operation for radial paralysis, few series of results have been published. The observations that follow are based on experience gained in performing such operations for residual paralysis from poliomyelitis, and in particular on a review of 287 tendon transplants in the forearm and hand performed on 145 patients who passed through the Peripheral Nerve Injuries Unit at Oxford and later at the Institute of Orthopadics, London. Operative technique.-The greatest respect must be paid to the tissues, and gentleness should equal that required in peripheral nerve surgery. General anmsthesia is best but on occasions local anxsthesia has distinct advantages when determining the correct tension at which to suture in flexor tendon transplants. A pneumatic tourniquet is used, but if the vascular state of the limb is already impoverished by damage to a main vessel local infiltration of 1/200,000 adrenaline in saline gives satisfactory haemostasis without subsequent ill-effects: as in plastic surgery absolute haemostasis is essential.
The incision is so planned that the skin scar does not overlie the suture line and this means employing a curved incision with elevation of a skin flap (figs. I and 2). There is no place E.C.D. Extensor communis digitorum. for short incisions; inadequate exposure means inadequate mobilization of the motor tendon. In this review flexor carpi ulnaris was found to be the tendon most commonly employed (Table I) , and it is a muscle that cannot be freed with certainty through any but a long incision. The motor tendon lies superficial to the deep fascia where it can freely expand during contraction. The opening in the deep fascia through which the motor tendon passes to the recipient tendon is large in order to prevent adhesions occurring. In extensor transplants the distal part of the extensor retinaculum is preserved so that "bow-stringing" of the tendons is avoided. Fine black silk is used for suture; no deep sutures are inserted and after skin closure the limb is immobilized in plaster of Paris in the position of maximum relaxation for the transplant. For this reason simultaneous flexor and extensor transplants should be avoided. For the first five days at least the patient is strictly confined to bed and the limb elevated. At the end of three weeks, during which time no attempt at movement is made, the plaster and stitches are removed, and a back slab is worn for decreasing periods during the next two weeks. Re-education.-During re-education some knowledge of the operation is useful to the patient and essential to the physiotherapist. Faradism to the muscle belly of the transplant is often disappointing in the early stages whereas attempting the normal action of the motor tendon can be quickly associated with the new movement. Massage to the scars promotes mobility and prevents adhesions. Re-education is carried out twice daily for the first week, then once a day for a further two or three weeks; thereafter an early return to work is encouraged so that the limb can be used naturally. The degree of dissociation of movement that can take place in a motor tendon after transplantation was well demonstrated by Zachary (1946) , who failed to detect action potentials in flexor carpi ulnaris on active flexion of the wrist, when it had been transplanted into the extensors of the fingers, in a case of radial paralysis.
TENDON TRANSPLANTATION FOR INDIVIDUAL NERVE PARALYSIS
Of the 145 patients in which tendon transplantation for forearm paralysis was performed most of the operations-109-were extensor transplants following lesions involving the whole or part of the radial nerve distribution. 24 operations were for long flexor paralysis and a further 12 for paralysis of the small muscles of the hand (Table II) . Radial Nerve.-In the classical operation for radial paralysis (Jones, 1917) , pronator teres is buttonholed into the radial extensors, flexor carpi radialis into the extensors of the thumb and long abductor, and flexor carpi ulnaris into the remaining extensors of the digits. Slight variations have been adopted from time to time but there is general agreement that so far as dorsiflexion of the wrist is concerned pronator teres is an effective motor tendon. In the earlier cases of this series the classical method was used but it was soon apparent that although the technique was uniform the results were variable. In some cases active extension of the digits was accompanied by acute dorsiflexion of the wrist and imperfect extension of the metacarpophalangeal joints. In active extension of the digits the wrist normally assumes the neutral position or becomes slightly palmar flexed, the exact opposite, in fact, to the position assumed in gripping. Simultaneous active extension of the wrist and digits is a movement rarely employed. The good results in these earlier cases were found to be those in which palmaris longus was present and working strongly. Moreover, in those cases in which dorsiflexion of the wrist occurred with extension of the digits, if the wrist was stabilized in the neutral position full metacarpophalangeal extension took place. Thus Zachary (1946) emphasized the importance of retaining flexor carpi radialis as a strong wrist flexor and using palmaris longus for the thumb tendons. This improved the results considerably; so far as the fingers were concerned the action became almost perfect. Full palmar abduction of the thumb as in grasping was still often defective. But this is not surprising, for a single motor tendon was expected to perform two distinct movements normally carried out by the long extensor and long abductor of the thumb.
A further modification was therefore incorporated and flexor carpi ulnaris was used to extend the thumb as well as the fingers (fig. 1 ), palmaris longus being employed for the short extensor and long abductor. If palmaris longus is absent flexor carpi ulnaris must, of necessity, be transplanted into all the extensor tendons and the long abductor of the thumb. It sometimes happens that radial deviation of the wrist occurs at rest and on active extension owing to the loss of muscle balance on the ulnar side; in these cases a secondary transplant of one or both of the radial extensors into extensor carpi ulnaris has resulted in an almost normal action of the wrist. In posterior interosseous palsy the transplant is similar except for the omission of pronator teres as a wrist extensor.
Median nerve.-The main disability in paralysis of the long flexors innervated by the median nerve is loss of flexion of the index and thumb; the middle finger is seldom seriously affected as it often gains a passive pull from the deep tendons of the ring and little fingers. In the earlier cases with this paralysis three procedures were tried:
Firstly, lateral hitching of the paralysed tendon to its adjacent unparalysed comrade-for example, hitching the deep tendon of the index to the deep tendon of the ring finger; without exception the results were poor.
Secondly, -employing palmaris longus and brachioradialis-both muscles with a limited traverse-as motor tendons. Function was disappointing, the former being too weak, and the latter too powerful, and the range of movement of both unsatisfactory.
Thirdly, in a few cases in which flexor carpi radialis was not paralysed it was buttonholed through the long flexors, and of the three methods this gave the most satisfactory function though naturally the range of movement was somewhat limited afid no independent movement was possible. If in these transplants the motor tendon was simultaneously passed through the superficial and deep tendons the results were rather worse; it is better to transplant it into the deep flexors alone.
In the transplant that is now used one employs the short radial extensor as the motor tendon for the long flexor of the thumb, and the deep flexor of the ring finger for deep flexor of the index (fig. 3) . The traverse of extensor carpi radialis brevis enables the thumb to be flexed through a full range of movement and the traverse of the deep tendons is of course identical.
For thenar paralysis, palmaris longus was used at first as the motor tendon for active abduction and opposition of the thumb. The correct line of action was obtained by detaching the tendon of extensor pollicis brevis from its muscle belly and passing it subcutaneously across the palm towards the pisiform where it was united to palmaris longus which had been passed around the distalportion of the tendon of flexor carpi ulnaris, as suggested by Bunnell (1944) . The results were seldom successful for the following reasons;
Firstly, the tendon suture, situated in-an area where subcutaneous fat is sparse, often becomes adherent. Secondly, in fashioning a pulley by passing the tendon of palmaris longus around flexor carpi ulnaris, the deep fascia is pierced twice and adhesions often occur at these points.
Thirdly, as emphasized before, palmaris longus has a very limited traverse. If, however, extensor carpi ulnaris is used as the motor tendon ( fig. 4) where no pulley was used. and no pulley is required. This type of transplant has now' been superseded where possible by using the sublimis tendon of the ring finger as the motor tendon and inserting it directly into bone on the outer aspect of the base of the proximal phalanx of the thumb. The co'rrect line of action can be obtained either by fashioning a loop on the superficial aspect of the tendon of flexor carpi ulnaris (Irwin, 1942) or more simply by passing it distal to the carpal tunnel to its point of insertion. Good results have been seen' with both methods; the most important factor is that a. tendon junction in the subcutaneous tissues is avoided.
Ulnar nerve.-In ulnar paralysis the disability is sometimes not very great but if acute hyperextension of the metacarpophalangeal joints occurs on active extension of the fingers it becomes virtually impossible to pick up anything from a flat surface. If when this hyperextension is controlled byan ulnar splint of the "knpckle-duster" type it is found that interphalangeal extension is possible, then tendon transplantfation is liklly to give a satisfactory result. Transplantation should not be considered if there is contracture of the long flexors and unless no overstretching of the extensor mechanism in the fingers has occurred as shown by the ability to extend the interphalangeal joints when hyperextension of the metacarpophalangeal joints is prevented. The transplant that hias been used with success in a small number of cases is similar to that advocated by Stiles and Forrester-Brown (1922) and modified by Bunnell (1944) . Flexor digitorum sublimis is detached from its insertion, withdrawn into the palm, split into its two components and each half passed distally on either side of the finger and attached to the extensor expansion. This transplant, by controlling hyperextension of the metacarpophalangeal joint, mimics the action of a "knuckle-duster" splint; the results have been very encouraging. The other disability seen in ulnar paralysis is due to loss of active abduction of the index finger; extensor indicis has been transplanted into the first dorsal interosseous with success sufficient to warrant further trial of the operation.
ARTHRODESIS OF THE WRIST COMBINED WITH TENDON TRANSPLANTATION
In cases in which there is combined median and ulnar paralysis, and in poliomyelitis where there is extensive paralysis in the forearm, fusion of the wrist-joint becomes Ian important preliminary step whereby the muscles controlling this joint may be liberated for transplantation.
An analysis of 25 such cases (Table fII) in which arthrodesis of the wrist was performed shows that in 12 the operation was performed as part of the treatment of paralysis due to traction injury of the roots of cervical 5, 6 and 7. The forearm paralysis following such injuries results in a loss of action not only of the radial extensors but in addition flexor carpi radialis and pronator teres are either paralysed or very weak. The usual transplant for radial paralysis cannot be employed; preliminary fusion of the wrist-joint is necessary. At least ten methods of fusing this joint have been described and with one notable exception a dorsal incision is used, the extensor retinaculum divided, and the extensor tendons dislocated. The radiocarpal and intercarpal joints are excised always, the carpometacarpal joints sometimes. A dorsal inlay or onlay graft taken from tibia, rib or iliac crest is often employed. Where tendon transplantation is subsequently contemplated this approach has obvious disadvantages not only in the position of the scar but also in the ill-treatment of the extensor tendons and retinaculum.
In 1940 Smith-Petersen described a medial approach to this joint by excision of the distal four centimetres of the ulna. The radiocarpal joint was excised and the carpus and distal end of the radius were split transversely, a graft consisting of the excised portion of the ulna being inserted into the gap. This approach removed all the objections to other methods and appeared to be ideal for cases in which tendon transplantation was subsequently necessary. In the first 12 of this series of cases this method was used and without exception a solid fusion was obtained in an average of three and a half months. But in this approach excision of the radiocarpal joint on the radial side is difficult and the wrist becomes thickened as a result of splitting the carpus and radius. In 1946 Seddon modified the operation; he resected a triangular wedge from the lower end of the radius and a similar wedge from the carpus leaving a diamond-shaped cavity. The excised piece of ulna was then cut to form a triangle; thus when the triangle was inserted in the diamond cavity with the apex downwards, automatic dorsiflexion of the wrist of about 20 degrees occurred. This method was employed in a further 4 cases and again fusion occurred with an average period of fixation of three and a half months. In an attempt to shorten this period the grafting was supple-mented by.the addition of iliac chips to form a buttress on the medial side; however in the 6 cases where this modification was employed, it was found that no time had been saved.
So far there has been only one objection to this operation. Pronation of the forearm is achieved by the action of brachioradialis from full supination to mid-position and by that of pronator teres and pronator quadratus throughout the whole range of movement. In lesions of cervical 5, 6 and 7, and in some cases of poliomyelitis, pronator quadratus is the only active pronator left and in excision of the distal end of the ulna its action is inevitably destroyed. This is a real disadvantage and one not overcome by the long flexors of the fingers; the radio-ulnar joints are in fact flail. In one case flexor carpi ulnaris was passed around the radial border of the forearm on its way to the extensors of the fingers in an attempt to provide a pronator action, but the muscle was of inadequate strength after transplantation though technically there were no difficulties. In the most recent case the inferior radio-ulnar joint was fused in a position of slight pronation and a tibial graft inserted in the radiocarpal joint through a postero-radial incision.
It is possible that by a future modification of the Smith-Petersen operation whereby fusion of the ulna and radius in a position of slight pronation is achieved, this one disadvantage of an otherwise excellent operation will be overcome.
Mr. F. G. St. Clair Strange: In spite of the apparently general acceptance of the feasibility of performing tendon transplantation, in cases such as radial palsy, after arthrodesis, I am not certain that this is correct, and have personally preferred to perform the transplant first. The reason is that after arthrodesis, the muscles to be used as motors have had a prolonged period of immobilization, and have therefore largely lost their function. I have gained the impression that re-education of these muscles when transplantation has been performed after arthrodesis is more difficult and more prolonged than where it has been performed before.
Mr. K. 1. Nissen: The swelling of the soft tissues after arthrodesis of the wrist is often considerable and may require splitting even of a well-padded cast. The cedema about the wrist does not favour early return of function in any tendons transplanted at this time.
Mr. A. S. Blundeli Bankart: The completely anesthetic hand is useless, and I suggest that sensory loss may be as important as motor paralysis in determining the treatment of the severely paralysed limb.
Mr. J. M. P. Clark (Leeds): Two points in the technique of the pectoral transplant operation have been mentioned, one in regard to the fixation of the transplant and one in regard to the localization of the nerve supply of the transplant. It has not always been possible to make the transplant extend as far as the tendon of the biceps and in those patients the transplant, after being threaded through the muscle belly of the biceps at the most distal point possible, must be securely sutured to the biceps muscle. There is no evidence yet available that the power of the new biceps is thereby reduced nor has there been reported any instance of the transplant's pulling adrift.
The nerve supply to the pectoral transplant is the medial anterior thoracic nerve and it is usually found quite easily when the transplant is stripped up from the ribs. Because of the possibility of anatomical variation the localization of the medial anterior thoracic nerve has been investigated and invariably the nerve issues from the pectoralis minor at a point on a perpendicular dropped from the coracoid process where it crosses the third rib and then the nerve pierces the pectoralis major near its lower border. A strip of pectoralis major wide enough to form a suitable transplant will inevitably include the nerve.
Mr. W. D. Coltart: I should like to ask the speakers whether they still use the opponens graft in the treatment of paralysis of the thumb.
Mr. Norman Capener: (a) When arthrodesis of the shoulder is carried out for a limb with weak elbow flexors or after a muscle transposition operation to replace paralysed elbow flexors it is an advantage to place the shoulder in a few degrees internal rotation, for when the limb is abducted by thoraco-scapular motion, the weight of the forearm initiates the flexion movement automatically from full extension.
(b) There had been a tendency to place a bail graft too distally in operation for arthrodesis of the first metacarpal in opposition. If, however, surgeons were prepared to divide the radial artery, a much more thorough arthrodesis could be achieved at the angle between the first and second metacarpals, combining the interosseus grafts with efficient excision of the carpometacarpal joint.
B. Whitchurch Howell, F.R.C.S.: Operation for Opponens Paralysis of the Thumb.' This operation was devised by me some years ago to improve the function of a thumb in which opposition was impossible, either on account of irreparable damage to the median nerve or permanent paralysis due to anterior poliomyelitis. The operation is, in brief, a transposition of the tendon of the flexor longus pollicis performed in the following manner.
An incision, A B, is made, extending from the ball of the thumb to several inches above the transverse-creases of the wrist, and the tendon isolated (1). A second incision, E D, iS then made over the dorsal aspect of the first phalanx of the thumb, well to the ulnar side (I1). The flap, A B, is then freely and carefully undercut towards the radial border of the thenar eminence. The tendon is then divided at the wrist at x and the distal end passed subcutaneously round the ulnar border of the first phalanx and out through the incision E D.
A---C ftendo?i --if B-/ Next the tendon is passed back again through this incision, passing obliquely across the tendon of the extensor longus pollicis, and comes to lie subcutaneously on the thenar eminence. The fashioning of the subcutaneous tunnel is much facilitated by the use of the old-fashioned hernia needle on a handle (IfI). The incision E D iS then sewn up; also incision A B with the exception of the part near x. At this stage the thumb is held in opposition with the terminal joint of the thumb extended. The distal and proximal ends of the tendon are then united at x with chromicized catgut (20-day) and the skin closed (fII). The thumb is kept in opposition by means of plaster of Paris, a window being cut for the wound A B. Graduated faradic stimulation of the flexor longus pollicis is commenced on the fourth day, and the stitches are removed on the tenth. Within two to three months strong sustained voluntary opposition of the thumb is effected by the transposed tendon.
This operation is a transposition and not a transplantation into another tendon. Some of the contra-indications to the operation are weakness of the flexor longus pollicis, and deformity of neighbouring joints, &c.
Hence in the treatment of this paralysis in its acute stage and for some time afterwards the position of opposition must be maintained to prevent bony deformity, and the flexor longus pollicis must be hypertrophied by faradism.
'Reprinted from the Lancet, 1926 (i), 131.
